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Executive Summary 
This major qualifying project designed and implemented a stove that can 
run off wood burning and other burning materials as well as electricity. In 
addition to the design of the stove, an electrical control system was implemented 
to increase efficiency as well as to monitor the stove. Gas sensors and 
temperature sensors around the stove allow for proper monitoring and allow for 
the stove to be automatically controlled via DC motors that control the airflow 
through the stove. Overall, the efficiency and the functionality of the stove are a 
great improvement over what currently exists on the market.  
For the purposes of submission, the project report was divided into two 
parts one for the overall project and another for the electrical subsystem.  
The design of the electrical subsystem is adequately flexible to 
accommodate the design requirements of the overall cookstove implementation. 
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1.0: Introduction 
Throughout the world, approximately two million annual deaths are 
attributed to smoke inhalation due to poorly ventilated or unventilated 
combustion used for cooking.  These deaths are most heavily concentrated in 
third world nations as well as impoverished regions, and unfortunately, they are 
all completely preventable.  Cooking conditions for these areas usually involve 
dwellings completely filled with smoke from an open fire, with the family still 
inside. The current cookstove technology ranges from three stones around a fire, 
to homemade wood stoves, which are usually unsafe in terms of ventilation and 
thermal insulation. The inefficiency of these systems along with improper fuel 
selection results in incomplete combustion, generating millions of tons of carbon 
emissions each year. Carbon emissions produced by people cooking with solid 
fuels is still a large contributor to the increasing amounts of greenhouse gasses in 
our atmosphere. Overall, a large portion of the world still does not have the safe, 
clean, and energy efficient standards of cooking as more developed nations are 
accustomed. This brings about a negative impact on general health, as well as the 
environment. 
The goal of this project is to develop an affordable cookstove that is safe, 
reliable, energy efficient, and adaptable to various renewable and conventional 
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fuel sources. The end user of this product can only afford to pay a few hundred 
dollars on a commercial wood burning cookstove, therefore the product needs to 
be designed for a cost of under $500.  The product needs to be resilient and 
maintainable, utilizing intuitive design and standard components, because the 
end user cannot afford to buy a new stove should the cookstove fail.  The 
product needs to be safe in terms of monitoring levels of harmful emissions in 
the dwelling and alerting the user of hazardous conditions. The cookstove 
should also be properly thermally insulated, with the exception of the heating 
element, so the user or a child will not be severely burned upon making contact 
with the outer surfaces of the stove.  The cookstove needs to be well ventilated to 
prevent harmful emissions from entering the dwelling.  The product needs to 
induce more complete combustion to reduce harmful emissions and increase 
efficiency.  Because electricity is an energy source limited to developed nations, 
and consumer batteries are an expensive and inefficient method of power, the 
cookstove needs to be capable of powering its system without a readily available 
electrical source. Oils and natural gas are expensive fuel sources with limited 
availability to the targeted end user. Therefore, the cookstove needs to be capable 
of combusting the various fuel sources available to a region, including bio-mass, 
wood, wood pellets, and fire logs.  Overall, this product should save the end user 
money by reducing fuel usage and increasing energy efficiency.  Affordability 
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will be achieved by proper selection and effective use of materials and 
components, as well as reducing operating costs for the user.  Safety will be 
achieved by reducing fire and injury hazards, monitoring harmful gas levels, and 
implementing an effective ventilation design. Fire and injury hazards will be 
reduced by proper insulation of the cookstove. Hazardous emissions will be 
monitored through an embedded computer system. Effective ventilation will be 
achieved by proper design of the cookstove flue.  Energy efficiency will be 
achieved by increasing complete combustion in the firebox, which in turn, will 
also reduce harmful emissions. Reliability will be achieved with a sturdy 
structural design with resilient materials, and the selection of reliable and 
efficient electrical components.  
In the next chapter, I will discuss current cookstove designs, emissions 
data of various fuel sources, and the electrical components of the embedded 
safety and control system. In chapter three, I will discuss the design and 
implementation, as well as the analysis and results of various components of the 
cookstove. Finally, chapter four will discuss our conclusions about various 
functions and constraints, along with our recommendations for improvement. 
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2.0: Background & Requirements 
 
 The electrical portion of this project will ultimately function as a 
monitoring, warning, and control system. This portion of the project is necessary 
to improve the fuel efficiency as well as the safety of the cookstove. The system 
will achieve its goal of regulating burning temperatures by monitoring 
temperatures of the inside and outside of the stove. By keeping track of the 
temperatures in and around the stove, the electrical subsystem will regulate 
these by using a geared dc motor to control the overall air intake. The system will 
also be able to control heating coils for stovetop and oven cooking. The electrical 
subsystem will also employ LEDs and a buzzer to inform the user about unsafe 
levels of harmful gasses around the stove. The system will also have an LED to 
indicate there is combustion happening in the stove. The user will be able to 
adjust the temperature of the stove with up and down arrow buttons. Finally the 
electrical system will have an LCD screen to provide the user with some basic 
information such as temperature of the cooktop, cooking timer and burning and 
igniter fuel indicators. Overall all of these features will be necessary in order to 
make the stove as easy to operate as pushing a button or turning a knob and will 
ultimately make the stove much safer and fuel-efficient. 
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 The stove is to be capable of working with burning materials as well as 
electricity. If the consumer has access to electricity they can use the stove with 
the electrical coils for cooking instead of burning materials or even use both at 
the same time for faster cooking. This will not only decrease the output of more 
harmful gasses but also decrease the time it takes to cook a meal. Since electrical 
coils heat quickly, waiting time will be reduced and cooking time decreased. In 
addition to having electrical coils as well as a combustion chamber increases the 
marketability of the stove to anyone who wants the versatility.  Overall, having a 
stove that can function on both electricity and burning materials is a substantial 
part of the justification for the market of the stove. 
 The electrical system will have to be capable of running off a small 
amount of electricity generated either by a small solar panel or the heat of the 
stove. The heat of the stove can be converted into electricity in many different 
ways, however two ways have proven to be the most feasible for this project. The 
first of the ways of converting the heat of the stove into electricity is to use a 
Stirling engine that would push a magnetic piston through coils of wire in a 
linear motion. This idea comes from the simple hand-powered flashlights that 
are shaken to generate electricity to power the flashlight. The second way of 
converting the heat to electricity is to use an electrical device called a TEG 
(Thermoelectric Generator) module, which is done by a process called the 
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“Seebeck Effect” that converts temperature differences between two thermal 
plates directly into electricity. Solar panels are also a considerable power option 
however solar energy is inconsistent and would therefore require some battery 
storage that increases the overall price of the project. Finally we considered wind 
power however this is both inconsistent and considerably more expensive than 
the other options considered due to the high precision and tolerances in the 
manufacturing of the moving parts. Overall The TEG modules or solar panels 
would be preferable since they are solid-state devices thus decreasing the noise 
and maintenance costs. Using a Stirling engine requires moving parts, which can 
mean breakdown of the stove and this is not acceptable since the end user may 
not have the funds or the means to repair it. 
 The system will use feedback loops in order to regulate temperatures 
inside the stove better and better over time creating the optimal hysteresis loop 
just as a thermostat does. This temperature control will be achieved by 
monitoring the differences between the desired and actual temperatures as well 
as movement of the motor controlling the air intake. As the system runs for more 
uses and even as humidity changes it will be able to adapt by constant 
monitoring and adjusting. 
 In order to achieve all of the functionality described, the system will use a 
microprocessor. The choice of the microprocessor will be determined in part by 
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the availability of power generated by the Thermoelectric Generator (TEG) 
modules. It will also have to be fast enough to achieve all the monitoring, 
controlling and reporting in a timely fashion. Finally the microprocessor must be 
an affordable model as the overall stove design cannot cost any more than $500 
USD to the consumer. For design purposes an Atmel microprocessor from the 
ATmega32 series was selected for building and testing. This Atmel device can be 
replaced with a more inexpensive, and energy efficient microprocessor in the 
manufacturing stage. 
 Several TEG modules have been examined for powering the electrical 
subsystem. The first of the modules is the TEP1-1264-1.5. This module generates 
8.6VOC (Volts Open Circuit) with a hot side temperature of 230°C and cold side 
temperature of 50°C. With this output voltage and output energy of about 5.4W 
this device should provide adequate power for the electrical subsystem. Two 
additional were examined: the TEP1-12656-0.8 and the 0.6. These two modules 
produce open circuit voltages of 8.7V and output wattages of 10.5 and 14.7 
respectively. Overall the TEP1-1264-1.5 is the most cost effective for the 
application and is recommended for the final design. 
 During the research into designing the electrical control and safety system 
one project/product that is similar and could be considered competition for our 
cookstove design was discovered. The stove found in researching was designed 
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by a team of engineers in Nepal and is called the Batho Chulho [1], which means 
smart cookstove in Napalese. The Batho Chulho can be seen below in a 
breakdown view(Figure 1). This stove uses a microprocessor system to control a 
flue vent that regulates airflow and control the burning temperature. The Batho 
Chulho also has an LCD display with indicators to the cooking mode. This 
consists of multiple temperature ranges of the stove and a knob to increase or 
decrease the temperature. The LCD panel also displays a cooking timer 
controlled by a cooking time knob. It also indicates igniter and burning-fuel 
levels, as well as battery-power level. Finally the system includes a power LED to 
inform the user that combustion is occurring inside the stove. The Batho Chulho 
stove is estimated to cost around $37.50 and has an operating cost of around 
$0.15 per briquette. These briquettes are estimated to last for two cooking 
sessions for a family of 5 people. There is also operating costs of $1.50 and $1.00 
every 2 months for a battery, and lighter respectively [1]. 
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Figure 1: Breakdown View of the Batho Chulho [1] 
 Although the Batho Chulho is much less expensive, it does not include all 
of the added functionality and safety measures that our project cookstove will 
require. Specifically, the Batho Chulho lacks a harmful gas monitoring and 
reporting system. Safety is a very important element for this project since one of 
the biggest concerns is to keep the user safe while they are using the stove. The 
Batho Chulho also lacks the ability to exhaust smoke from the stove any faster 
than the air flowing through it. In comparison the stove that is being designed 
for this project will have a large size ducting sufficient for the ventilation of any 
gasses being formed. Finally the Batho Chulho is a much smaller stove than the 
REBCE and is only a single burner with no oven making cooking for a large 
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group difficult. Overall the REBCE should have an advantage over the Batho 
Chulho since it has some added safety features, more ways of increasing the 
burning efficiency, and can cook for a large family. 
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3.0: Design and Implementation 
3.1: Design Overview 
 The design of this system has been mapped-out into an easy to 
understand block diagram (Figure 2). It can be seen in the diagram that the 
center of the system is the microprocessor. To the left of the microprocessor is the 
power system including wall power and the TEG modules along with the 
battery-charging circuit. To the top of the microprocessor are all of the various 
sensor inputs including gas sensors, thermal resistive sensors, and 
potentiometers. Finally, all of the outputs of the system are shown below the 
microprocessor and include: the LCD screen, LEDs, DC motors, and a buzzer. All 
of these elements of the electrical subsystem are described in more detail in the 
implementation section that follows. 
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Figure 2: Circuit Design Block Diagram 
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3.2: Implementation 
3.2.1: Processor 
 The processor that is being used to implement this design is the 
ATmega32-16PU. This is an 8-bit AVR processor manufactured by Atmel. The 
processor is set onto an Olimex development board that has voltage regulation 
onboard and can be powered by either 9-12V DC or 6-12V AC. The development 
board also has an LED, a single button, RS232 port, and JTAG connector. The 
JTAG connector is connected through USB via a programmer that converts USB 
to JTAG. The software code involves interfacing with various I/O devices as well 
as feedback loops between the temperature sensors and the vent-controller 
motors. In the aggregate these form the hysteresis loop which will regulate the 
temperature of the stove. For programming software IAR kickstart for AVR 
processors as well as another freeware program called AVRstudio 5.0 are being 
used. IAR kickstart can program the board directly while AVRstudio 5.0 requires 
a secondary program called WinAVR to download the compiled code. While 
both programs work fine for programming of our ATmega32 AVR processor, 
IAR kickstart does not include the library of header files for use by the processor. 
As a consequence it was more difficult to get files downloaded to the 
microprocessor. Both systems are capable of programming the AVR processor 
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through the USB programmer. The development board and USB programmer 
can be seen in the diagram below (Figure 3). 
 
Figure 3: Olimex 40 Pin Development Board (left) and USB Pocket 
Programmer (right) 
 For design purposes and due to time constraints, an MSP430 was used to 
design and test the functionality of the electrical control system. The code for this 
processor is provided in the appendix of this report. These processors are 
designed for very low power consumption and are readily available for use in 
the ECE laboratories. The functionality requirement of the code is to read 
potentiometer and thermistor values and control a DC motor that opens and 
closes the air intake valve of the stove. 
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3.2.2: Power System 
 The power system is comprised of several components. These include: an 
AC/DC converter for DC power obtained from a wall outlet, AC and DC voltage 
regulators, Thermoelectric Generator modules, and Battery Storage.  There is also 
power distribution portion in order to be able to charge the batteries at the same 
time as running the control system. 
3.2.2.1: Wall Power 
 In order to utilize 120V, 60Hz wall power an AC/DC converter circuit is 
required to regulate the wall power down to 5VDC. This AC/DC converter 
circuit has not be implemented in this MQP due primarily to time and design 
requirement constraints. However, if needed an AC/DC converter by ROHM 
part number BP503405 would be used to convert the wall power down to 5VDC. 
5VDC is adequate for powering the processor and all of the I/O devices of the 
prototype. In the final design implementation, however, will require a circuit to 
be designed that is capable of supplying slightly over 1Amax for the entire system. 
At that level there should be enough energy to run all I/O devices 
simultaneously. 
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3.2.2.2: Thermo-Electric Generation 
 In researching renewable energy sources devices called TEG modules 
were found. These modules utilize a process called the “Seebeck Effect”, a 
process which turns a temperature differential across two ceramic plates into 
electricity through NPN junctions. The modules were tested on top of an electric 
range sandwiched between two heatsinks. The two modules were wired in series 
and tested, producing a maximum of about 4.2VDC. Consequently, it is expected 
that an array of six of these modules can be expected to achieve adequate power 
for the entire system. The six of these modules will be placed on one of the burn 
chamber walls and will have heatsinks on the opposite side to keep the 
temperature differential as high as possible. Because the voltage output of these 
modules can vary and is not always producing current we need both battery 
storage as well as voltage regulation to charge the battery storage cells at a 
constant voltage. In some cases a battery charging circuit will also be required 
but can easily be purchased as an IC along with some battery cells. 
3.2.2.3: Voltage Regulation 
 As mentioned above, the output voltage of the TEG modules is not always 
consistent as it is a function of the temperature differential between two ceramic 
plates. In order to regulate this voltage to a constant supply a DC voltage 
regulator is required to charge a battery or provide voltage to a charging circuit. 
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While not a requirement for this prototype design, a small voltage regulator IC, 
as well as some additional circuitry will be designed to properly divide the 
power so that the battery can be charged while the system is being run. 
3.2.2.4: Battery Storage 
 When adequate energy is not available from wall power, battery backup 
that is charged by both the TEG modules and wall power will be utilized to 
power the system. This will allow the circuit to be functional even when wall or 
heat power is not available for a period of time, until the stove heats up again or 
wall power is reestablished. In order to allow the batteries to charge, power must 
be distributed correctly so the system can be run at the same time as charging. 
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3.2.3: Sensor Inputs 
 As described below, the system will include multiple sensor inputs. The 
sensors that will be used in this system include various gas sensors, thermal 
resistive sensors, and potentiometers. 
3.2.3.1: Gas Sensors 
 This project will include various gas sensors including: carbon monoxide 
(CO), carbon dioxide (CO2), methane (CH4), nitric oxide (NO), and nitrogen 
oxide (NO2). All of these gas sensors will be connected to and monitored by the 
Analog to Digital Converter (ADC) of the microprocessor. Interrupts to the 
microprocessor will trigger if any of the levels on any of the sensors reach a 
certain threshold. This threshold for each gas will be the corresponding ppm at 
which the gas becomes dangerous and toxic to the individual breathing it in. All 
of these sensors will be placed around the cookstove, as that is the area we want 
to ensure has good air quality. If all the sensors are found to be within safe levels 
then the area is safe for cooking, however upon reaching any unsafe levels the 
microprocessor will sound a loud beeping buzzer alerting the user to evacuate 
the area. The microprocessor will also shut off airflow to the stove causing the 
fire inside the burn box to extinguish. Overall the gas sensors will ensure the user 
is not breathing any harmful gasses while cooking. 
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3.2.3.2: Thermal-Resistive Sensors 
This design component includes various temperature sensors that will 
also be read by the microprocessors ADC circuitry. These values, once calibrated 
will allow the microprocessor to determine how much to open or close the air 
intake valve in order to reach the right temperatures on the stovetop and inside 
the oven. These sensors will be placed at various points around the stove and 
shielded to ensure they are not exposed directly to any open flames. 
3.2.3.3: Potentiometers 
 The system will include various potentiometers: two to control the 
stovetop heating coils, and one for control of the oven temperature. These 
controls will work by being calibrated with the ADC of the microprocessor and 
the lowest and highest settings of each potentiometer will correspond to all-the-
way off up to full heat. 
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3.2.4: Outputs 
 The system will include various outputs in order to communicate certain 
things to the user. These outputs will be explained further below and will 
include: LCD screen, Feedback LEDs, DC motors, and a buzzer. 
3.2.4.1: LCD 
 The LCD screen in this project is used to display the oven temperature as 
well as a clock and cooking timers. The LCD screen being used for this project is 
a small black and white 8-bit device. The LCD screen chosen for the system has 
internal memory to store 8-bits of data. The screen is communicated to by 8 
parallel bus lines by the processor in a sequence of 8-bit pages. The LCD screen 
then prints page-by-page to the 128x32 pixel screen starting in the top left and 
moving to the right and down as a book would be read. The LCD screen also 
includes a backlight feature so the clock can be seen at night. 
3.2.4.2: LEDs 
 This system includes multiple LEDs for various functions. First there will 
be bright-white LEDs mounted above the cooking surface in order to allow for 
nighttime cooking. There will also be a red LED to indicate that the stove is hot 
and warns the user not to touch it. Finally there will additional LEDs that will be 
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illuminated to notify the user if the gas sensors determined values exceed their 
thresholds which indicate what gasses have been detected. 
3.2.4.3: DC Motors 
 For oven heating and cooling, dc motors are included in the project to 
demonstrate the opening or closing of valves throughout the stove. The DC 
motors have gear ratios such that the arm will have adequate torque and low 
RPMs to ensure accurate positioning when opening or closing of the valves. In 
the final design, a motor with an RPM feedback line is used in order to determine 
how accurately opening or closing the valve is achieved. The motors are 
connected in an H-Bridge configuration so that switching of voltage across the 
DC motors reverses the polarity and allows the motors to spin in both directions. 
3.2.4.4: Buzzer 
 As mentioned above in the gas sensor section, a buzzer will be 
implemented in order to notify the user of any unsafe conditions being 
experienced by the stove. In order to ensure that the buzzer is loud and piercing 
enough, the buzzer will have a sound pressure level of 80dBA @ 12V and 0.1m 
and a frequency of over 2kHz. The buzzer chosen has an internal crystal 
oscillator and therefore needs only to be provided with a DC voltage to be 
operated. In order to make the buzzer even more noticeable, it will beep rather 
  22 
than just staying on constantly and will go off when the gas levels are back 
within a safe range. 
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4.0: Project Overview 
 For this project, all of the essential functionality described in the design 
and implementation sections above have been included in the hardware and 
software of the electrical subsystem. Once the mechanical design of the overall 
system has been completed a more fully functional electrical system will be 
implemented. A fully functional electrical system will be implemented in 
prototype form to achieve the full functionality required by the cookstove. For 
example, potentiometers will be monitored in order to decide the range of 
control required to achieve full functionality. In addition, the relationship 
between the values of the potentiometers and thermal resistive sensors will be 
determined. At the same time, development of the prototype electrical system 
should include the electrical power circuitry required by the system. 
 The diagram shown below (Figure 4) indicates which parts of the 
electrical system have been implemented for this MQP. The block diagram 
shown below is color coded. The green squares are the components that were 
implemented for this MQP, the orange squares are the ones that may be 
implemented if time permits, and the red squares are the components are that 
will not be implemented for this MQP. The block diagram below is similar to the 
one provided in the design overview section of chapter 3 with the exception that 
it has color coded squares to indicate what the goals of this MQP are. 
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Figure 4: MQP Goal Block Diagram 
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An overall parts list for all the components used for this MQP can be seen in the 
excel spreadsheet below (Figure 5). The cost of all the parts is approximately 
$150.00 and is under $100.00 at the bulk prices.  
 
  Figure 5: Parts List for MQP parts 
Finally, the overall circuit diagram for the system can be seen below (Figure 6) 
and illustrates how each of the components is wired to the processor. The 
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processor can be seen in the center, TEG modules to the right and the AC power 
source just above the processor. The thermistors at the top represent the gas 
sensors. The LCD module, buzzer, and the warning and surface lighting LEDs 
are included to the right. Finally we have the motor, keypad, and power switch 
just to the left of the processor. 
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Figure 6: Circuit Diagram for Overall System 
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5.0: Conclusions 
 
 This project still has some untied ends in terms of the implementation; 
however, everything is explained and laid-out in a finalized design that 
somebody taking on this project as a continuation would be able to pick-up from 
where this project left off. In this project an overall design was achieved and a 
small amount of the functionality was implemented. Future work could include 
completely implementing the design so it is fully functional as well as optimizing 
for a better processor and actually interfacing the device with the stove. Overall 
this project was very informative and interesting to work on, especially since it 
was a multidisciplinary project and dealt with very real issues. In the end, all the 
partners on this project agreed that this design is the best fitting to the 
requirements for the REBCE. If this product was going to be marketed some 
implementation still remains, however once done the design should be appealing 
to a decent size market. 
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